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DESIGN OF A DAM.
1. INTRODUCTION
It is the object of the writer in selecting this subject 
for a thesis, not to cover in great detail the design of a power 
development dam, but rather to present the important fundamentals 
which govern the design of such a dam.
This power development project will no doubt prove to be of 
small value from a strictly economic view point, but the writer has 
obtained a knowledge of the subject which he could not have obtained 
in any other way.
The writer wishes to express his thanks to Mr. W. H. Zimmer­
man, President of the W. H. Zimmerman Construction Go. of Chicago, 
for his kindness in supplying profiles of the rivers and of the 
projected dam site location, and the probable power demand.
With the aid of this data, along with that obtained from 
the Government Water Supply papers and topographic maps, the dam 
has been designed to provide sufficient head to operate turbines 
which will furnish the power to meet the probable demand.
II. PBELIMIKARY INVESTIGATION 
Art. I. THE DRAINAGE AREA.
The Tugaloo river is formed by the junction of the Tallulah 
and Chattooga rivers. This junction is at the west corner of Oconee 
County S. C.. The river flows in a south-easterly direction, and 
is a part of the boundary between Georgia and South Carolina.
The country drained by the Tugaloo and its tributaries is 
very rough and well wooded with pine and hemlock, and with hardwood 
timber. The fall of the rivers above named is very great. The 
Tallulah and Chattooga rivers flow thru rock for long distances form­
ing great canyons with steep bluffs. At Tallulah Falls, a short dis­
tance above the dam site, the Tallulah river has a fall of 500 feet 
in three miles. The Tugaloo and its tributaries cover a drainage 
areia of about 530 square miles above the projected location of the 
dam.
Art. II. RUN-OFF DATA.
The precipitation for the past thirty years is shown in the 
Tables I and II, which are taken from Section 86 of the Government 
Climatological Report. This data was taken at Clayton, Rabun Co., 
Georgia.
Table I.
Table II
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Prom these tables it is seen that the mean annual 
rain fall for the drainage area is about 69 inches.
The maximxun occurred in 1898, which was 87,86 inches. 
The minimum of 46.26 occurred in 1894. The monthly distribution of 
this precipitation is shown in Fig. I.
Fig. I
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As the winters in this portion of Georgia are mild, the snow 
melts almost immediately upon falling and runs off. Tables III and 
IV show the highest and lowest temperatures over a number of years.
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Table III. Highest Temperatures.
Stations.
Savannah Valley group
Allendale, S. C ..............
Augusta...........................
Camak..............................
Clayton ............................
Clemson College, S. C ..
Elberton..........................
Greenwood, S. C ............
lyouisville.......................
Point Peter.......................
Statesboro.........................
Savannah........................
Walhalla, S. C..................
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Table IV. Lowest Temperatures.
I Savannah Valley group.
Allendale, S. C ...........
Augusta.......................
Camak.........................
Clayton ........................
Clemson College, S. C ...
Elberton..........................
Greenwood, S. C ............
Eouisville.........................
Point Peter.......................
Statesboro.........................
Savannah .........................
Walhalla, S. C ...^ ...........
15 4 2 2 1 30 4 2 55 55 5 1 39 3 1 23
37 6 3 14 24 4 0 4 6 57 53 4 0 32 2 2
13 10 5* 15 28 36 47 58 55 4 2 28 18
1 6 —  I -  5 8 1 3 20 4 2 49 47 36 2 4 14
13 5 -  7 12 2 4 39 4 2 54 5 6 38 25 10
1 7 5 -  2 14 2 9 35 5 1 58 56 45 30 2 0
2 0 9 -  5 1 6 2 7 38 4 2 5 6 55 4 2 28 1 6
1 6 9 7* 2 0 2 9 4 0 50 58 58 4 6 3 1 18
1 6 9 I * 1 4 24 36 44 52 5 1 4 0 28 n
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Art. III. DISCRIPTION OF LOCATION.
The dain site is situated, about a mile below the junction of 
the Tallulah and Chattooga rivers. Atlanta, Georgia, which is 
ninety-two miles south west, is the only city of any magnitude near 
by.
No. II. The relative position of the dam site and the towns 
which will be supplied with power are shown in Plate I.
At the dam site the river flows thru a solid rock formation 
which provides an excellent foundation for the dam. On the east 
side of the river the bank is a precipitous cliff of about one thous­
and feet in height. The opposite bank rises to the same height, but 
on a gentle slope. Plate II shows the character of the channel at 
site, and Plate III, a general view of the river. Plate IV shows 
a view of the east bank and gives an idea as to the proximity of the 
rock to the surface.
The North Eastern Georgia Railroad runs within four and a 
half miles of the site, and provides a good means of transportation
for both labor and the materials for construction. There is a 
good supply of sand and gravel along the banks, and plenty of hard­
wood timber covers the near-by hillsides.
The cost of the dam per unit quantity will be reduced to 
almost a minimum, due to the abundance of materials of construction 
at hand, and the fact that the weather is very mild in the winter.
Art. IV AVAILABLE WATER POWER.
A government gauging station has been maintained at Madison 
S. C. where the daily variations in flow of the river have been 
measured since 1899. In Table V the maximum, minimum, and mean 
monthly flow for a period of nine years are shown.
Table V.
Discharge in second-feet. Run-off.
Month,
Max. Min. Mean.
Per
square
mile.
Depth in 
inches on 
drainage 
area.
January............................................................................................ 1 5 ,3 0 0 5ZO z ,  10 0 3 . 5 4 4 .0 8
February ....................................................... i5> 70 0 6 0 0 z ,  4 0 0 4 .0 5 4-32
March............................................................. I S ,  500 8 z « z ,  70 0 4 .5 5 5 - Z 5
April ................................................... .......... 1 6 ,5 0 0 9 0 0 z ,  4 0 0 4 0 5 4 . 5 2
M a y ................................................................ i z , 5 00 800 1 , 90 0 3 - z o 3 .6 9
June................................................................ 1 4 , l o o 6 5 0 I ,  7 5 0 Z .9 5 3 .2 9
July.................................................................. Z I ,  QOO 5 1 0 I ,  800 3 .0 3 3 .4 9August........................................................... 1 4 ,1 0 0 5 3 0 z ,  0 0 0 3 .3 7 3 .8 8
September................. ^ — ................................ 1 6 ,9 0 0 4 8 0 I ,  70 0 Z .8 7 3 - 2 0
October........... ................... ............................ i z ,  70 0 435 1 , 40 0 Z . 3 6 Z . 7Z
November .................................................... 8, 800 4 5 0 1 , 0 0 0 1 , 6 9 1 . 8 9
f December...................................................... 1 5 ,7 0 0 4 8 0 I ,  800 3 .0 3 3 .4 9
For the period.................................... Z l ,  9 0 0 435 1 , 9 0 0 3 .Z Z 43-72
The variations in flow as measured at the gauging station 
can be regarded as indicating the variations in flow at the dam 
site, as there is no stream of any consequence that empties in to 
the Tugaloo River between the site and the station.
T a b l e V I .
1 0
M o n t h l y  D i s c h a r g e  o f T u g a l o o  R i v e r
a t
M a d i s o n , S .  C .
E s t i m a t e d  m o n t h l y  d is c h a r g e  o f  T u g a l o o  R i v e r  n e a r  M a d i s o n ,  S .  C . -
[Drainage area, 593 square miles.]
Month.
Discharge in second-feet. ' Run-off.
Max mum,. Minimum. Mean. Sec.-ft. per sq. mile.
Depth in 
inches.
1898.
Julv 19-31................................ 2,835
0,982
13,658
13,816
4,257
5,442
975 
1 200
1 824 1.49 
6.52 
7.10 
8.24
August.................................. 3^  354
 ^ 771
K AA
September.......................... 1 807
0. OD 
A 9A
October.................................................. 1,’ 620
1,874
1,560
0, < / i
4,238
9 9f»7
D. OO 
7 1 p;
November.......................................... /. XO9 CO
December........................................... 2,159
0. 04 
9 A4 4. 26 4.20
1899.
January...........  ....................................... 4.020
9.020 
11,780
5,820' 
2,710 
3,100 
2,310 
4,060 
, 1,838 
1,838 
1,481 
8,700
1,634
1,889
2.310
2.310 
1,430 
1 073
2 099 9 A^ 1 4.08 
(). 63 
’9,28 
6.16 
3. 66 
2 72 
1. 99 
1 56
February........................................ 3 ’ 760 
4 771
0. 04 
A 97
March........*..................................... D. 0 / ft
April........................................................... 3 276
0. uo
May........................................................................ 1,’ 881 
1.448 
1,027 
801 
765 
662 
ai Q
0, 04
3.17June.................................................
July................................ ................. ’ 716
563
512
512
512
563
2. 44 
1 79
August................ ............................................. X. /O
September........................... X. oO1 00
October........................................... X. 4y 1 19 1, 441 29 
1. 16
2 74
November............................ 1. l4 : 1 (\A !
December........ ...........................
oiy 
1 41 1 1. U40 -ft !±j X^i 4. oO '
The year.................................. 11,780 512 1,879 42. 713 17
1900.
January..................................................... 4.380 
14,820
6.380 
9,580 
2,300 
9,260
3.340 
1,525
5.340 
4,780
6.380 
3 340
705.
845
1,745
1,475
1.135
1.135 
1,325
880
1 99^
February............................................................. 2,508
9
2. 06 
A 99 2. 38 4.40 
4 86 
5.17 
3.04
5.51
3. 66 
2.13 
2 45
2.52 
2, 49 
2.60
March............................................... 4, 4o A 99
April.................................................... OUO2 ,751
1 f^>9
4« ^4
May............................................................. 4 64
June............................................................ 2,931
1,884
1,095
1
July.................................................................... ' Q 10
August.......................................................  . . o* lo1 ftp^
September.......................................... 775 
775 
880 
1 000
X. oO
9 on
October...................................................... X f1 9on
4. 4U
November..................................................... X, 4bU 1 9^9 2 18
December.................................... X^ 0441,491 94. ol
The year.................................. 14,820 705 1 S99 9 A7 1 41,51X, o44 0. u/
1901.
January..................................................... 8,780 
4,380 
15,540 
16 460
1,180 
1,183 
1 135
4. 19
f.02February..........................................................
4j XOO
1,719
2,444
3,804
2,932
2,549
1,570
A. S7A
3 63 i
March................................ : ............* X 19
April........................................................... 2 ! 060
1 475
4. 14 4 75 
7.16 
5.71 
4. 80 
3.0 J 
9. 48
May.................... .......................... 12 540
6 42
A CiK
June................................................................... 6’ 140 
2,300 
13,660 
• 6,620 
2,060 
1,225 
14,860
M75
1,180
1,045
1,860
1,225
960
960
4. yo
July...................................................... 4 300 AC
August.................. .......................... . . . 4. OOft 00
September.................................................... o/O3,047
1,542
1,091
0. 44c 1 X
October.............................................. 0. 14 2. 60-1 QA
5. 74 
3.00 ; 
2 05
' 5. 01 ,
November.....................................................
December......................................................... 1. 0^A QC4,0/ / 4. OO
The year................................................. 16,460 960 I 2,525 A 9A 57. 97.4. 40
1903.
July 7-31.................................................... 2 320 1,032
732
596
552
552
510
1,441
1,283
R74
2 .4 39 1 2. 26 2. 49 
1.64 
1 23 
1. 35 
1. 21
August.............................................................. 3,’ 040 
3,200 
928 
1,250
September........................................................... 4. 101 ,4 7
1 H7October....................................................................
0 /4
November.......... .......................................... uo^79H 1. U/ 1.21 
1. 05December,................................................
/4UAO 9VO\J D40
1904.
January..............................................  . . . 3.840 
7,325
14,450 
3,460
3.840 
1,519 
1,742
4.340 
1,281
528
777
4.340
528
607
822
1,062
800
648
509
712
528
435
452
490
1.40 
2.20 
3.54 
2.31 
2.12 1 AQ
1. 61 
2.37 
4.08 
2.58 
2. 44 
1.65 
1. 33 
3.00 
1.35 
.912 
1. 01 
1. 61
February................................................................. 829 1,304 
2,100 
1,369
March..................................................
April:..................................................
May.........................................................
J une............................................................... X, 4OV7
July................................................................ OOU 682 
J, 543 
717
1. 4o 1 1C
August.................................................... 1. lo 2.60 
1. 21 
.791 
.9091 Af\
September............................'....................
October.........................................................
November..................................................... 539
830December......................................................... 1. 4U
The year........................................... 14,450 1 435 I 1,043 1 . 76 23. 94
...
■ ^
Table VI (continued) 11
Monthly discharge o f  Tugaloo River near Madison, S. C .,fo r  1909.
[Drainage area, 593 square miles.]
Month.
------
January___
February..
March.........
April...........
May.............
J une............
July.............
August.......
September.
October___
November.. 
December..
1905.
The year.
Discharge in second-feet.
Maximum. Minimum. Mean.
Per
square
mile.
Run-off 
(depth in 
inches on 
drainage 
area).
January.. .  
February..
March........
April...........
May............
J une............
July............
August___
September.
October___
November.. 
December..
The year .
■ ' ---- —=—
10,220 520 1,442 2. 43 2.807,460 680 2,494 4.21 4. 38
2,680 1,095 1,466 2.47 2. 851,755 898 1,107 1. 87 2. 094,160 1,155 2,087 3.52 4. 0614,060 870 1,572 2. 65 2. 96
21,860 1,405 4,025 6.79 7. 83
4,360 1,095 1,986 3.35 3.861,610 725 942 1. 59 1. 775,000 725 996 1. 68 1. 94845 640 704 1.19 1.3311,180 640 2,414 i 4.07 4. 69
21,860 1 5201 1,770 2.98 40.56
15,300 1,280 4,130 6.96 8.02
2,660 1,480 1,870 3.15 3.28
9,540 1,380 3,290 5.55 6. 40
4,540 1,820 2,490 4.20 4.69
2,920 1,130 1,540 2.60 3.00
4,240 1,160 1,780 3.00 3.35
14,800 1,080 2,950 4.97 5.73
14,100 1,860 3,920 6.61 7.62
16,900 2,450 5,500 9.27 10.34
12,700 2,740 5,570 9.39 10.83
8,840 2,010 2,990 5.04 5.62
12,800 1,860 2,740 4.62 5. 33
16,900 1,080 3,230 5.45 74. 21
N ote.— The monthly values are rated as follows: January, March, and July to December, fair; Feb- 
I ruary and April to June, good. The values for the low-water periods of the various months are excellent.
January___
February..
March.........
April..........
May............
June...........
July............
August.......
September.
October___
November.. 
December..
1907.
The year.
January___
February. .
March.........
April..........
May............
June...........
July............
August.......
September.
October___
November., 
December..
1908.
The year..
January.. .  
February..
March........
April..........
May............
June...........
July............
August___
September.
October___
November. 
December..
»9 oe
The year.
7,440 1,460 2,300 3.88 4. 47
3,740 1,220 1,830 3.09 3.22
5,640 1,200 1,770 2.98 3.44
5,540 1,080 1,600 2.70 3.01
1,960 1,050 1,460 2. 46 2.84
2,300 940 1,290 2.18 2. 43
3,270 700 1,090 1.84 2.12
1,460 535 757 1.28 1.48
6,640 482 918 1.55 1.73
890 535 631 1.06 1.22
8,440 518 1.460 2. 46 2.74
8,040 840 2,330 3.93 4.53
8,440 482 1,450 2. 45 33.23
9,040 1,570 2,610 4. 40 5.07
15,700 1,880 3,910 6.59 7.11
15,200 1,620 3,030 5.11 5.89
9,340 1,660 3,090 5.21 5.81
4,940 1,510 2,240 3.78 4.36
2,840 955 1,400 2.36 2.63
4,340 872 1,550 2.61 3.01
9,740 722 1,730 2.92 3.37
2,840 • 620 911 1.54 1.72
4,240 560 1,050 1.77 2.041,120 745 886 1.49 1.66
11,400 770 2,040 3.44 3.97
15,700 560 2,040 3.44 46.64
4,940 1,250 1,990 3.36 3.87
7,540 1,220 3,260 5.50 5.73
12,800 2,420 4,520 7.62 8.78
3,940 2,000 2,480 4.18 4.66
14,300 2,000 4,660 7.86 9.06
17,300 2,980 4,910 8.28 9.24
3,840 1,540 2,300 3.88 4.47
'2,700 1,030 1,740 2.93 3.38
5,740 940 1,550 2.61 2.91
3,750 809 1,090 1.84 2.12
940 735 804 1.36 1.5211,100 687 1,860 3.14 3.62
17,300 687 2,600 4.38 59.36
12
Table VI shows the maximum, minimum, and mean monthly flow for
each year. Now the records of daily flow the hydrographs. Pigs. 2
to 9, for eight years have been plotted. From these hydrographs,
the Duration curves have been plotted. Pig. 10. The curve shown as
a black line is the mean of the others and shows the number of days
per year of 365 days, a given quantity of water is available, 
from
Now the mean curve it is seen that 1450 cubic feet per second 
is available 200 days in the year. Assuming a head of 150 feet, a 
generating effeciency of 94 per o^nb and a turbine efficiency of 
76 per cent , 13,200 K.W. can be generated at the dam 24 hours per 
day.
1 H.P. equals 1 second foot falling 8.8 feet
1.34 H.P. " 1 Kilowatt.
sec.-feet x head x efficiency „  ^ „
------- SrS-f-TTS?--------------=  sanerated
1450 X 150 X 0.94 x 0.76 
8.8 X 1.34 Z 13,200 K.W.
Due to Sundays and holidays this available output is decreased 
to an average daily output of 11,000 K.W. at switchboard at plant. 
13,200 X U O O  - 16.5 ) = 11,000 K.W.
Assuming a transmission and transformer loss of 20 per cent, 
the amount of power available at the consumer’s meter is,
(.80 X 11,000 K.W. = 8,800 K.W.) for 226 days per year.
In order to secure an output of 11,000 K.W. 24 hours per day 
for 365 days a year a steam plant will have to be installed. As 
there is a flow of 500 cubic feet per second through-out the year,
= 4550 K.W. can be obtained at all times, and 8.8 X 1.34 ’
13
this requires that a steam plant of (,11,000 _ 4550)1.34 = 8,650 H.P. 
be installed in order to supply 16000 K.W. at all times.
As the storage reservoir created by the dam is approximately 
7 miles long and 900 feet wide it can readily be seen that by in­
creasing the height of the dam 10 feet a valuable storage will be 
created.
The amount of water thus impounded will be: 7 x 5280 x 900 x 
10 = 333,000,000 cubic feet .
By means of Taintor gates which will be placed in the spill 
way the water level may be raised an additional 18 feet during the 
period of flood flow. The amount thus impounded will be:
7 X 5280 X 900 x ^8 = 600,000,000 cubic feet.
Thus a total storage of 933,000,000 cubic feet is obtained. 
With this additional water 3,300 K.W. can be obtained 24 hours a day 
for 291 days instead 226 days. This can be obtained from examining 
the average duration curve Fig. 10. The cross hatched area repre­
sents the additional amount of water that must be supplied to gener­
ate 8,800 K.W.for 291 days. The amotmt of water which is thus re­
presented is found by assuming the duration curve to be a straight 
line, and computing area and x by time in seconds, 
j 1210 - 880 j ^ (291 - 226) x 24 x 3600 = 940,000,000 cubic feet.
14
In Table VII, the number of kilowatt hours which can be generated 
for a year of 365 days, water power alone being considered.
Table VII.
Possible Hydro-electric H. P.
No of 
Days.
291
K.W.
24 hrs. 
per day. 
8,860
K.W.
12 hrs. 
per day. 
17,600
K.W. Sal­
able . 
daily 
211,000
K.W. Sal­
able 
yearly 
61,300,000
34 5,100 10,200 122,000 4,160,000
40 3,640 7,280 87,800 3,510,000
Total K.W. hours per year 
There is in Atlanta and vicinity a demand for power sufficient 
to use several times the out put on which the earnings of the plant 
will be estimated.
Table VIII.
Value of Water Power.
50^ of total out put at 3/4 cents per K. W. hr, “ | 254,000
25 % ”
1 cent
1 1 / 4 "
It tl
It tl
T o t a l
172,000
= 215,000 
I 641,000
'l
ku.
k
Q
f6 0 0
4 0 0 0
3400
3000
Z 5 0 0
ZOOO
/400
WOO
3 0 0
I
5ood^
4-SOO
fOO£l
JSOO
3 0 0 0
Z 5 0 0
ZOOO
/SOO
/DOO
^OO
Fi" 3*
s
ft
1
^500
ffOOO
dSOO
3000
2SOO
2000
/SOO
/ooo
^oo
j m FEB HFlFf FfFfi nny
'o
S:kk
k
k
soak
^soo
'^aoo
3SOO
3 0 0 0
ZSOO
2000
/soo
iOOO
soo
Fif-i 6.
ig 7.
ki
5000\^
\
^SOO^
%
3SOO
3000
esoo
zooo
/soo
/ooo
soo
5000^
^SOO^
%
ZSOD
3000
Z50D
ZOOO
/SOO
/OOO
-SOO
/VOI^
to
D£SP
s/?/7F /y j/yom A/s NUAis^/f o f  d f y s
WF/OOO FF700A/TS O F Y /F T F F  
F F £  F l/F yL F 3 L £  OA/ 
TL/OFIOO F IV F F  
F T
r7FDJSOH S .C .
/^ /o. / O
F )04
24
111 DESIGN.
Art, V. THE DAM SITE.
The relative position of the dam site is shown by Plate V. 
The line x-y is the dam and the blue area shows the storage reser­
voir created by the dam. This reservoir will be about seven miles 
long.
The profile of the dam site is shown by Plate VI. The line 
at elevation 856.7 shows the water level as it will be with the 
dam in place. The topography and projected location of dam is 
shown in Plate VII. The bed of the river at this point is solid 
rock, the character of which is well shown by Plate II. The banks 
of the river are solid rock overlaid with a thin layer of soil on 
which a scanty growth of vegetation is. The East bank is very pre­
cipitous, and west one is on a 1:1 slope.
Art. VI. DETEKHNATION OF SECTION.
In choosing the type of dam to be used, the.controlling fac­
tors are the stability and the cost. The earthen dam will not be 
considered because of existing conditions.
An investigation shows that a dam of the pressure type has 
a greater stability than a gravity dam of the same dimensions. In 
the gravity dam the stability grows less and less as the water rises 
to a high level. This is due to the fact that as the height of the 
water Increases, the distribution of the pressure on the base be­
comes more unequal. In the pressure dam the opposite is true in­
asmuch as the distribution of the pressure on the base grows more 
equal as the water rises in the reservoir. Here the weight of the 
water acts as a force to prevent failure by overturning.
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In choosing the type of pressure dam to be used, two dis­
rupting forces should be given careful consideration. The pressure 
dam of the solid type has its stability decreased to an unknown 
degree by the static uplift pressure on the base of the dam, exer­
ted by the water penetrating the foundation. In order to minimum- 
ize this danger, the remedy is to have a very small base area.
This is accomplished by using a hollow dam, in which the slab of 
concrete impounding the water rests upon and is supported by but­
tresses. Deep holes are then placed in the foundation, thru which 
the water under hydrostatic pressure may escape. Great economy 
of material is thus effected in this method of construction.
In the hollow reinforced concrete dam, the internal disrupting 
pressure of the water is not to be feared, as it has. no horizontal 
planes along which the pressure may penetrate, as is the case in a 
dam of masonry or cyclopean concrete. The reason for this is that 
with proper inspection, a greater density of concrete can be obtain­
ed where the aggregate has a maximum size of three inches and the 
concrete is poured. The horizontal joints which are formed in dams 
of Cyclopean concrete where a day's work is ended are avoided for 
the same reason. Vertical cracks caused by changes in temperature 
are avoided by-a water tight joint at every buttress, filled with 
asphalt and felt.
A hollow reinforced concrete dam of section similar to that 
shown in Fig.11.,will be used since it has greater stability.

P / Q t e  I//.
profile: h t d p m s jt f . x- y
X
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Art. VII. THE CROSS SECTION.
The height of the dam is determined by the amount of 
water pwwer which is to be developed. In order to secure the de­
sired storage, the water level will be raised 28 feet above the
%
water level under normal operating conditions. The depth of the 
water in the lower pool will be taken as 6.5 feet as the stream 
flow rarely exceeds 4000 cubic feet per second.for ary great length 
of time* Since the plant is to run under a head of 150 feet, the 
height of the dam necessary will be (6.5 plus 150 plus 28)=184.5 
feet. The crest of the dam will be placed 2.5 feet above the 
high water level thus making the dam 187 feet from the foundation 
to the crest.
In the design of the dam, a large factor of safety will 
be used, as the stability is of greater moment than the cost.
The data necessary for the investigation of the stability of the 
dam is given belowi
DATA.
Elevation of river bed 700.0 
Elevation of high water 884.5 
Elevation of crest of the dam 887.
Buttresses 18 feet center to center.
The buttresses will be 8 feet 6 inches wide at the bot­
tom and will decrease 6 inches in the thickness at each 12 foot 
lift until a minimum thickness of one foot is reached. They will 
be tied together by horizontal struts 2 feet square, which will be 
spaced 30 feet horizontally and 24 feet vertically.
The face slab will be carried on shoulders cast on the 
side of the buttresses and these are assumed to contain 30 per 
cent of the material in a slab panel length. The thickness to
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withstand the water pressure was computed to be 48 inches but will 
be made 72 inches in order to simplify the reinforcement and in­
crease the stability. The thickness will be decreased uniformly 
from 72 inches at the base to 12 inches at the top. This face 
slab will be carried down into the foundation a distance of 10 
feet, thus forming a cut off wall, which is equal to 6 x esc 40“s= 9 
feet 4i inches thick. See Fig. 12.
The crest of the dam will be made 
10 feet wide and 12 inches thick so as to 
allow supplies to be transported across the
r/6. /^ .
top of the dam. The slope of the face slab 
N^
Will be taken as 40 degrees. The length of 5 
the base of a dam whose height is 187 feet,
with a face slab sloping 40 degrees, and with5
“T
a crest 10 feet wide, will be 187 x cot 40 
degree® plus 10, 234 feet. The resultant
pressures on the base of the dam will now be 
computed. See Fig. 13.
2 3'f.O
THE RESULTANT PRESSURE. - RESERVOIR EMPTY.
The dam was first drawn to a scale of one inch equals 
ten feet, and divided into simple geometric figures whose centroids 
were easily found. The moments of the weights . /d
of the various sections were then taken about FlC.I'S. 
the down stream side, A , of the dam, and 
the center of gravity of a panel length of the 
dam was found. The total moment M of ther'
weights about the down stream edge of the
dam was found to be 1,022,500 ton feet. The
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total weight W was found to be 11,700 tons. The application
point of this resultant pressure is readily found by means of the
Mrelation x equals- w , where x is the moment arm of the resultant
no. I4.force. (Fig. 14) x a 1,022,50011,700
=87.5 feet.
This cross-section has the proper sta­
bility as the resultant falls well within the 
middle third as is shown in Fig. 14.
THE RESULTAHT PRESSURE. - RESERVOIR FULL.
The resultant horizontal and vertical forces on a panel 
length and their application point on the base of the dam will 
now be found. The water is 184.5 feet above the base of the dan 
when the reservoir is full.
The resultant pressure acting on a panel length of the 
face slab is given by H:=i-wll:i , when h is the height of the water, 
w the weight of one cubic foot of water, and 1 the width of the 
panel. The values of w, 1 and h are respectively 62.5 pounds,
18 feet, and 184.5 feet. The value of H in tons is then
i  X 62.5 X 18 X 184.5 ■_^9.550 tons. ‘ .2 X 2000 “
The value of the vertical pressure on a panel length is 
found by substituting the values at hand in the formula V= | wlh x 
cot 0. The values of w, 1, h and © are respectively 62.5 pounds,
18 feet, 184.5 feet, and 40 degrees. The value of V in tons is.
1 X 62.5 X 18 X 184.5 x 1.191 ^ .T T 2 0 0 0 -------------  11,400 tons.
3S
sures is a point one third the way up on the 
face slab. The position of this point C is 
shown in Fig. 15. The vertical distance from 
B to C is 184.5-. 61.5 feet. The horizontal ^
V
4
1
1
1
1
. 73S\
1 6 0 . 5
distance from the point B to C is 61.5 x cot 
40°-73.5 feet. The point where the resultant 
of W and V cuts the base of the dam is readily y 
found by taking the moments of these forces 
about the point A. The forces and their re­
spective moment arms are shown in Fig. 16.
The moment of V about A is 11,400 x 160.5
1,830,000 ton feet. The moment of W about the 
same point is 11,700 x 87.5- 1,022,500 ton feet. The distance of 
the application point of W + V  from A is obtained by dividing the 
sun of the respective moments 1,830,000 •+■ 1,022,500= 2,852,500 
ton feet, by the sum of the weights 11,400 -f- 11,700=-23,100 tons.
The value obtained is 2.852.500— 123*5 feet. This distance is
23,100
shown in Fig. 36*.
1 2 3 . 5
The application point of the resultant 
of H, W and V referred to the application 
point of W and V is readily found by the rela­
tion existing between the distances x and h, 
and the forces H, W and V. See Fig. 17,
H G .  17■
X = 61.5 X 9,55023,100
xnz 25^5
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This resultant cuts the base at a point 98 feet from 
the point A. This lies well inside the middle third, the down 
stream edge of which is at a point a distance of 78 feet from A.
The dam is therefore safe against overturning about the down stream 
edge.
The factors of safety against failure by the crushing 
of the concrete^overturning about the downstream edge, shear and 
sliding will now be investigated.
FACTOR OF SAFETY AGAINST CRUSHING.
Since the foundation is solid rock, the factor of safely 
against failure by bearing need not be investigated, but the fac­
tor of safety against the crushing of the concrete at the down 
stream edge of the dam should be. The maximiira pressure on the foun­
dation will occur at the point A when the reservoir is full. The 
maximum pressure is readily found by the application of the famil­
iar formula P = ^  In the case of a rectangular section of
unit width this formula reduces to P s=—2L. 4~fipd (I), where p is theM 1 ^
total pressure on a unit width of foundation 
of length 1, and d is the distance from the 
center of the base to the application point of 
the resultant pressure. See Fig. 18. The pres­
sure p on a unit width of foundation is equal to 
W 4-V divided by the width of the buttress a^ 
the base, which is 8 feet 6 inches. The value'
n a  16.
of p is 25.100=: 2.720 tons. The value of d is 
8.5
117 — 98=r 19 feet. The value of 1 is 234 feet. The value of the
maximum pressure at A obtaines by substituting in (I),-
34
^ 234 ^
2.720 X 6 X 19
=  11.6 5.65 tons
=  17.25 tons per square foot.
This pressure expressed in pounds per square inch is
17.25 X 2000 __ 240 pounds per square inch. The factor of safety 
144
against crushing is found by dividing the ultimate crushing
strength of concrete, which is 2000 pounds per square inch, by the
pressure of 240 pounds per square inch.
fs =  2000 
240
- 8.4
FACTOR OF SAFETY AGAINST OVERTURNING.
The overturning and resisting forces and their respective
r/6. (3.moment arms are shown in Fig. 19. The factor 
of safety against overturning about the point 
A is equal to the moment of the resisting 
force W 4-V about A, divided by the moment of 
the overturning force H about the same point.
fs =s 23.100 X 123.5
9,550 X 61.5
4.8
FACTOR OF SAFETY AGAINST SLIDING.
Before the dam can fail by sliding, the face slab at the 
base must be sheared through. The section df the figure^lettered 
X —  y. Fig. 20, of the face slab at the base resisting shear Ib s
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a length of 18 feet which is equal to the center to center spacing 
of the buttresses and a width of 9.35 feet. Using an ultimate 
shearing strength of concrete of 1250 pounds FIC.^O.
per square inch, the resistance offered by 
the face slab at this section is 1250 x 9.1 
X 18 X 144 =  30,300,000 pounds. The resis­
tance to sliding on the foundation, taking^ 
the coefficient of friction on rock as 0.7, 
is 0.7 X W-f-V. (2). Substituting in (2) a
value of 0.7 x 23,100 x 2000 — 32,350,000 pounds. The total re­
sisting force is then 30,300,000 -f- 32,350,000 ss 62,650,000 pounds. 
The force H tending to cause failure is 9,550 x 2,000 s  19,100,000 
pounds. The resisting force divided by H gives the factor of 
safety.
fs = 62j.65P.i000
19,100,000
= 3.3
FACTOR OF SAFETY AGAINST SHEAR.
The only remaining way that the dam may fail is by shear
Fig. 21..
along the action line of the resultant horizontal pressure at x— y.^  ^
The action line of this force is a point 61.5 feet above the base 
of the dam, at which point the buttress is 6 feet thiwk and has a- 
length of 155 feet. The resistance to shear offered by the con­
crete along this surface is 6 x 155 x 1250 x 144 r: 167,500,000 
pounds. The face slab at this point is 50 inches thick and offers 
an additional resistance of 50 x 18 x 12 x 1250 z: 12,000,000 pounds. 
The total resistance to shear being 12,000,000 •+■ 167,500,000 =
179,500,000 poundis'. The force H tending'to cause failure is equal
36
to 9,550 X 2000 r: 19,100,000 pounds. The factor of safety againsf
nczi
shearing is 179.500.000 ~  9.4 
19,100,000
nczz.
The preceding investigation shows that 
an ample factor of safety guards the dam 
agseinst failure by crushing of. the concrete at 
'4 th* toe, overturning, sliding at the base, 
arwt shear along the buttress.
The cutoff wall formed by continuing 
the face slab into the foundation will be tai 
feet deep and 9.35 feet wide. This wall in­
sures a tight joint at the foundation and in> 
creases the resistance against Sliding. The 
angle 9 at the bottom of the face slab. Fig. 
22, will be puddled with clay to prevent see­
page and underwash.
The buttresses are first constructed and are carried out 
opposite the face slab. Where the buttress is opposite the face 
slab bd. Fig. 23, it has recesses cast into it into which the face 
slab fits. See abed. Fig. 23, which shows a cross-section of the 
slab and shoulder. This tongue and groove joint is filled with a 
layer of felt laid in an asphalt filler in order to render the 
joint water tight. The shoulder fghi, which carries the face slaub 
is cast on the buttress as shown in Fig. 23. Here the face slab 
acts as a simple beam and the shoulder as a cantilever carrying 
a concentrated load at its end. A section at Elevation 700.0 will 
now be designed showing the typical method used in designing the 
slab. The face slab will be assumed to be 4 feet in thickness.
The load which a section of the slab one foot square carries is
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equal to thw pressure of the water above it plus the weight of 
the weight of the concrete itself resolved in a direction per­
pendicular to the face slab. Taking the 
weight of a cubic foot of concrete as 150 
^  y pounds, the weight of a prism of concrete one 
^  foot square and one foot deep resolved in a
direction perpendicular to the face slab, which 
slopes at an angle of 40 degrees, is cos 40® x 
F7^. 4 X 1 X 150 = 460 pounds. The pressure of the
water acting on this section is that of a prism one foot square 
and 184.5 feet high, and is equal to 184.5 x 62.5 = 11,520 pounds. 
Thus the uniform load per linear foot of slab one foot wide is 
found to be 11,520 + 460 = 11,980 pounds. The maximum moment due 
to this loading where the buttresses are 9 feet 6 inches apart,
see Pig. 24, is l/S x9.5 x 9.5 x 11,950 x 12 =
1,620,000 poTond-feet. The thickness of the 
face slab may now be found by taking the oo- 
efficient of resistance corresponding to the
r/g^ .Z4.
working stresses of f^= 500 pounds per square 
inch, and fg= 15,000 poiinds per square inch, 
and substituting in the formula M = Rbd^ .
The value pf R obtained from a table of coef­
ficients of resistance is 75, and the corresponding percentage 
of steel for the economical design is 0.6 per cent. The thickness, 
d, of the slab required when b is 12 inches is = 43 inohe
This thickness will be increases to 72 inches in order to secure 
a greater stability against ice jams, a flood of unprecedented 
magnitude, an earthquake, or any other distroying force that might
38
occur. The increasing of the thickness of the face slab in tlUs 
arbitrary manner is probably not in accordance with strictly 
economic design against known and recognized forces; butj frora a 
viewpoint which takes into consideration the loss of life and 
property which would occur through the failure of a dam of this 
magnitude, the writer thinks that the extra stability thus se­
cured is not purchased at an extravagant or wasteful cost.
Increasing the thickness of the slab in this manner de­
creases the stress on the concrete and makes the steel the weak­
est part of the face slab. The determination of the amount and 
arrangement of reinforcement in the slab and shoulder at Elev.808.0 
will be used as an illustration of the method of procedure.
The section at this point is^shown in Fig. 25.
n c .  £5.
_________________________________________ _______________________________________________________
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A panel length of the face slab one foot wide will now be 
investigated. The unifoum load on a lineal foot of slab perpen­
dicular to the face will be the weight of the water plus the 
weight of the concrete resolved in a direction perpendicular to 
the face. The elevation of the water surface is 884.5 feet. The 
water is 834.5 i^e808.0 ss 76.5 feet above the section. The w e i ^  
of water on a square foot of the face slab is 76.5 x 62.5 rr 4785 
pounds. The thickness of the slab at this point is 37-i inches. 
Taking the weight of concrete as 150 pounds per cubic foot, the 
value of the weight of a lineal foot of the concrete slab resolved 
in a direction perpendicular to the face slab is 3 x 1 x 150 x 
cos 40*=: 345 pounds. The uniform load per lineal foot of slab 
will be 4785 *f* 345 =  5130 pounds. The span of the slab at this 
elevation is 10 feet. The bending moment due to this loading is 
l/8 X To*x 12 X 5130 =: 770,000 pound inches. The area of steel 
required to resist this moment is obtained by substituting in the 
formula Mg =: fsAjd (3). The effective ddpth of the slab at this 
elevation is 37-^  —  2 =: ZSi inches, j will be taken as seven 
eighths of the effective ddpth. Substituting in (3), the required
area of steel is found to be 777.000________ — 1,65 square inches.
15,000x0,88x35.25
Four 7/8 inch square steel rods having a total area of 3.06 squafie 
inches, will be spaced 3 inches center to center. One rod in 
four will be turned up to tale the diagonal tensile stressih The 
length that this rod must be extended beyond the center of the 
slab, in order to take its share of the bending moment, is deter­
mined by the formula 1*V A is the area of the steel at the
40
center of the beam, 1 is one half the span of the beam expressed 
in geet, and a is the area of the rod turned up.
= 2 . 5  feet.
This rod will be turned up 3 feet from the center. The diagonal
tensile stress which this roa takes will now be investigated.
The shear V at the end of the beam has a value of 5 x 5130 =:
25,650 pounds. The shear v per square inch on the section is
25.650 —  60.5 pounds per square inch, which is allowable.
12 X 35.25
Since the concrete itself will take 30 pounds per square inch 
shear, the shear v* which the steel will take has a value of 
^0.5 —  30 = 30.5 pounds per square inch. The diagonal tensile
stress which this rod will have to take is given by Pss v ’bs cos ©* 
(4). The values of b and s are respectively 12 inches and 36 
inches. 0 is the angle at which the rod is bent up and will be 
taken as 45 degrees. Substituting in (4) , a value of 30.5 x 
12 X 36 X 0.707 = 4600 pounds is given. The area of steel re­
quired to take this is 4.600 = 0.31 square inches. The length of
15,000
imbedment necessary to develop a stress of 15,000 pounds per
square inch in a rod is 15,000 -a 47 diameters. The length of
4 X 80
inbedment of the seven eight inch rod will be 0.31 x 47 x 7/8 =s
0.765
17 inches. The bond stress at the support is given by ¥ ,(5).
Substituting in (5) the bond stress is found to be 25.600 =  825
. . 0.88x35.25pounds per lineal inch. Using allowable bond stress of 80 pounds
per square inch, the bond stress which the three rods at the end
can take is given by V ss ZT perimeters x 80. (6). The allowable
bond stress obtained by substituting in (6) is 3 x 3.50 x 80= 840
41
pounds per lineal inch. This arrangement will be used up to 
Elevation 832.0 where a similar design of the reinforcement is 
made •
The amount of reinforcing in the shoulders and its ar­
rangement will now be determined. The shoulder will be rein­
forced as a cantilever having a concentrated load at P at the end.*
See Fig. 26. The value of P is 7 x 5130 =
36,000 pounds. The moment of the force P 
about c is 36,000 x 2 x 12 r: 865,000 pound 
'inches. The area of steel required to take
this bending moment is 865.000_____  — 0.935
15,000x0.88x70
square inches. This area will be supplies by
Cl / >y7- 0
-------------
four ll/l6 square rods spaced 3 inches center 
to center. These rods will be extended through the buttress from 
shoulder to shoulder. The bond stress at the end of shoulder is
36.000 890 pounds per lineal inch. The allowable bond
0.88 X 46
stress is 4 X 2.75 x 80 880 pounds per lineal inch. These rods
will be used as the difference between the two stresses is but 
ten pounds. The unit shear at the end of the shoulder is
y '56,000 ss 65,0pounds per square inch. The shear that must be 
12 X 46 pounds per square inch,
taken by the steel is 65 —  30 = 35^ This shear will be taken
by two rows of stirrups spaced 12 inches and 3 inches respectively.
The stress taken by one stirrup will be 12 x 3 x 35 =  1265 pounds
per lineal inch. The area of steel required to take this stress
will be 1265_— 0.084 square inches. The stirrups used will
15,000
be 5/I6 inch square rods having an area of 0.097 square inches.
The length of imbedment of the stirrup will be 0.084 x47 x5/l6 a
0.097
12.8 inches. This amount and arrangement of reinforcement will
be used in the shoulders up"to Elevation 832.0 where a similar
42
design of the reinforcement is made. Fig. 28 shows the arrange­
ment of the reinforcement in the face slab and shoulders.
6>-0
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The face slab will be reinforced longitudinally to take 
care of the temperature stresses and to bind the slab together 
well in all directions. The percentage of reinforcement will aver­
age about l/lO per cent. This will vary somewhat with the thick­
ness of the slab as changes of temperature do not penetrate to any 
great depth in the concrete. At Elevation 712^5/8 inch bars are 
spaced 12 inches center to center horizontally at a distance of 3 
inches from the top of the slab and a distance of 5 inches from 
the bottom of the slab. This spacing is used up to Elevation 808.^ 
where the spacing will be increased to 2 feet center to center 
horizontally. This arrangement is used up to Elevation 856.0where 
the horizontal spacing of the rods decreases to 18 inches and the 
size of the rods to l/2 inch.
The shoulders and buttresses are reinforced longitudinally
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with l/8 per cent reinforcement, as is shown in Plate VIII, Figs.
1 and 3. The size of the rods used varies from l/2 to 5/8 inches 
square. The arrangement of this reinforcement is shown in Plate 
VIII, Pigs. 1 and 3. In the buttresses the reinforcement is ex­
tended out until it is opposite the face slab and ties the out­
standing portion to the buttress. See Plate VIII, Fig. 3. Be­
tween Elevation 748 and Elevation 784,0 where this longitudinal re­
inforcement does not occur in the center of the buttress, 5/8 inch 
square rods, 10 feet long spaced 12 inches vertically, are used 
in its stead.
The struts 'tying the buttresses together are 2 feet 
square and reinforced as columns to carry double their own weight. 
The reinforcement of a strut at Elevation 796 will now be com­
puted. The span of the strut is 13 feet. The weight per lineal 
foot of strut is 2 X 2 X 150 a  600 pounds. The moment due to twice 
the weight of the strut is 2 x l/8 x x 600 x 12 as 306,000 pound 
inches. The effective depth of the beam is 22 inches. The re­
quired arearof steel is 
be
306.000______
15,000 X 0.88 X 22 _ 1.06 inches. Since
the beam is to^reinforcedas a column, the required area of steel 
will be supplied at both the top and bottom of the beam with four 
1 / 2  inch square rods spaced 4 inches on center. The reinforcing 
of the other struts is shown in Plate VIII, Fig. 1.
The crest of the dam will be made the same thickness as 
the face slab at the top. The amount and arrangement of the rein­
forcement in the crest will be the same as that in the face slab 
at the top. Plate VIII shows the arrangement of the reinforcing 
in the dam.
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